Spinal vascular malformations are rare diseases with a wide variety of neurological presentations. Their classification depends on the differentiation of shunting versus non-shunting lesions, the latter being the spinal cord cavernomas. In the shunting lesions, the next step in the proposed classification scheme is related to the feeding artery which can subdivide the dural vascular shunts from the pial vascular malformations: while those shunts that are fed by radiculomeningeal arteries (i.e. the counterparts of meningeal arteries in the brain) constitute the dural arteriovenous fistulas, the shunts that are fed by arteries that would normally supply the spinal cord (i.e. the radiculomedullary and radiculopial arteries) are the pial cord arteriovenous malformations (whose cranial counterparts are the brain AVMs). Depending on the type of transition between artery and vein the latter pial AVMs can be further subdivided into glomerular (plexiforme or nidus-type) AVMs with a network of intervening vessels in between the artery and vein and the fistulous pial AVMs. The last step in the classification then describes whether the type of fistula has a high or a low shunting volume which will differentiate the "Macro-" from the "Micro-"fistulae. The proposed classification is therefore based on a stepwise analysis of the shunt including its arterial anatomy, its nidus-architecture and its flow-volume evaluation. The major advantage of this approach is that it leads to a subclassification with direct implications on the choice of treatment, thereby constituting a simple and practical approach to evaluate these rare diseases.
Introduction
Spinal vascular malformations are rare and still under-diagnosed entities that if not treated properly, can lead to considerable morbidity with progressive spinal cord symptoms. Their clinical diagnosis rests mainly on magnetic resonance imaging (MRI), while for a thorough understanding of the diseases and for planning the therapeutic strategy, selective spinal subtraction angiography (DSA) still is necessary. Depending on the type of spinal vascular lesion, initial symptoms may vary between acute or chronic onset. Pathophysiologic mechanisms include intramedullary or subarachnoidal haemorrhages or subacute venous congestion leading to progressive myelopathy. The space occupying nature of some of these lesions and a circulatory "steal" phenomena are additional possible pathophysiologic mechanisms. While acute manifestations of spinal vascular malformations typically lead to diagnosis early in the course of the disease, the subacute venous congestion might lead to unspecific neurological symptoms which in turn delays proper diagnosis. Multiple different classification schemes have been proposed for spinal vas-cular malformations that have induced a considerable amount of confusion [1] [2] [3] [4] [5] . From a genetic point of view spinal cord arteriovenous malformations can be classified into three main groups 6 : 1) Genetic hereditary lesions that are caused by a genetic disorder affecting the vascular germinal cells. Spinal cord malformations associated to hereditary hemorrhagic telangiectasia (HHT) fall into this category. 2) Genetic non-hereditary, lesions (such as somatic mutations) that share metameric links such as the Cobb syndrome (or spinal arteriovenous metameric syndrome) that affects the whole myelomere. These patients typically present with multiple shunts of the spinal cord, the nerve root, bone, paraspinal, subcutaneous, and skin tissues. Klippel-Trenaunay and Parkes-Weber syndromes also belong to this group. Although other genetic disorders such as neurofibromatosis and Ehlers Danlos type IV, among others may also be associated with SAVS, in the latter the arterial wall disease focuses the lesion on the mural rupture of an artery into a venous plexus rather than a post capillary vessel disorder. 3) If no known genetic defect is present, and the SAVS is not related to trauma it is assumed to be an isolated sporadic spinal arteriovenous shunt. It is likely that some of these isolated, apparently sporadic SAVS may represent incomplete phenotypic expressions of an underlying, but undiagnosed genetic or segmental syndrome 4 . These single lesions may therefore reflect the incomplete expression of one of the previous mentioned situations and include spinal cord, nerve root and filum terminale lesions. Most of the spinal arteriovenous malformations belong to the latter group which therefore has to be further subdivided by evaluating the feeding arteries: According to this further classification, spinal vascular malformations can be differentiated, similar to vascular malformations of the brain, into dural and pial lesions, the former being the presumably acquired dural arteriovenous (AV) fistulae, whereas the latter are the spinal cord arteriovenous malformations (AVM) that presumably constitute inborn vascular lesions of the spine. Like brain AVMs, spinal cord AVMs are only exceedingly rarely diagnosed antenatally, although they are supposed to be congenital. Most likely, a patient is born with a propensity to form an AVS, which then appears after a second or third event interferes with vessel repair or angiogenesis, although this process remains to be clarified. Presumably, etiologic factors important in the formation of brain AVM are also present in spinal vascular malformations. AVMs are felt to represent populations of structurally unstable blood vessels with phenotypic evidence of upregulated angiogenesis. Animal models suggest that errors in artery-vein identity, as dictated by the Notch signaling pathway, may also play a role. The disorganized, weak vessels may also be a result of deficiencies in the cytoskeleton of the vessels. The first vessel segment affected appears to be the post-capillary venule, which supports the observation that, morphologically, these pial AVMs are a disease process centered in the venous circulation 6 . Specifically, excessive VEGF expression in the setting of endoglin insufficiency (as found in hereditary hemorrhagic telangiectasia) may lead to the development of arteriovenous malformations. Spinal cord AVMs are like their cerebral counterpart malformations that are fed by arteries normally supplying the neural tissue, i.e. the intrinsic arteries of the spinal cord 7 whereas spinal cord dural AV fistulae (again like their cranial counterparts, the dural AV fistulae) are fed by radiculomeningeal arteries (which are in fact similar to a meningeal arteries) 8 . Once the type of vascular malformation is identified using this stepwise approach, the angioarchitectonical morphology of the shunt is analyzed. Pial spinal cord AVMs may be either fistulous, consisting of a direct connection between artery and vein, or nidiform, with an intervening network of vessels. Fistulae are further subdivided into micro and macrofistulae. The term "angioarchitecture" describes not only the morphology of a spinal vascular malformation at a given time, but places the lesion in a temporal sequence, recognizing that most spinal AVMs will induce changes over time: marked venous ectasias may develop, and additional arterial feeder may be recruited. The type of shunt -nidus or fistula -remains fixed, but with time some fistulae may resemble nidal -type malformations due to the extensive pial reflux or intense intrinsic network congestion 9 . The type of shunt has implications for clinical presentation, treatment, and likelihood of complete cure with endovascular methods.
In the following, we will describe briefly the different forms of vascular malformations encountered in the spine based on this stepwise approach that takes into account the anatomy of the feeding artery, the angioarchitecture of the shunt and the shunt volume to constitute a classification seen in figure 1 and table 1.
Dural AV Fistulae
Dural arteriovenous fistulae are arteriovenous shunt between a radiculomeningeal artery and a radicular vein with retrograde drainage to the perimedullary vessels leading to venous congestion of the spinal cord. Spinal dural arteriovenous fistulae (SDAVF) are the most frequent vascular malformation of the spine and account for 70% of all AV shunts of the spine. They are presumably acquired lesions, however, the exact aetiology is not known. Usually, the disease becomes symptomatic in elderly men (between 40-60 y). Most fistulae are found in the thoracolumbal region although they may be encountered from the sacral region to the level of the foramen magnum 10 .
The arteriovenous shunt is located inside the dura mater close to the spinal nerve root where the arterial blood from a radiculomeningeal artery (i.e. an artery supplying the root and meninges but not necessarily the spinal cord) enters a radicular vein where the latter passes the dura in the lateral epidural space 11 . The increase in spinal venous pressure diminishes the arteriovenous pressure gradient and leads to a decreased drainage of normal spinal veins and a venous congestion with intramedullary edema 12 . Likewise, there is stasis of the radiculomedullary arteries with delayed venous return. Both in turn lead to chronic hypoxia and progressive myelopathy 13 . Clinical symptomatology of this congestive myelopathy is rather unspecific and might consist of hypo-and paraestheisas, paraparesis, back pain that might irradiate to the lower legs, impotence, and sphincter disturbances 14 . Usually, the deficits are slowly progressive; however, an acute onset of the disease and a progressive development interrupted by intermediate remissions is also possible. Without therapy, this therapy results in irreversible para-or even tetraplegia 15 .
On MRI the combination of cord edema and perimedullary dilated vessels are the characteristic findings and should lead to the diagnosis. On T2-weighted sequences, the cord edema is depicted as a centromedullary, poorly delineated hyperintensity over multiple segments that is often accompanied by a hypointense rim, most likely representing deoxygenated blood within the dilated capillary vessels surrounding the congestive edema. The cord is swollen and might demonstrate contrast enhancement as a sign for chronic venous congestion. In the further course of the disease, the cord will get atrophic. The perimedullary vessels are dilated and tortuous and can be observed on the T2-weighted images as flow voids 16 . However, if the shunt volume is small, they might only be seen after contrast enhancement. Neither the location of pathological vessels nor the intramedullary imaging findings seem to be related to the height of the fistula. Localization of the fistula can sometimes be very difficult leading to lengthy and even multiple catheterization procedures during spinal Table 1 This table demonstrates the type of vascular malformation, its associated pathophysiology, typical age of symptom-onset and therapeutic alternatives. Figure 1 This schematic graph demonstrates the approach used in this review to classify vascular malformations of the spine. In the first step, shunting lesions can be differentiated from the non-shunting lesions (i.e. the cavernomas of the spinal cord). If a shunt is present, the anatomy of the feeding artery can subdivide the dural arteriovenous (AV) shunts (fed by a radiculomeningeal artery -i.e. an artery that would normally supply the meninges but NOT the cord) from the pial AV shunts. These pial AV shunts can be further subdivided by their nidus architecture in fistulous and glomerular shunts. The fistulous shunts, finally can be subcalssified according to their shunting volume into Micro-and Macrofistulae. The graph also describes the location and the etiology (i.e. acquired versus congenital) for the different vascular malformations that are further described in the text.
DSA. Therefore non-invasive diagnostic techniques, such as contrast-enhanced MR Angiography with relative fast acquisition protocols have been developed [17] [18] [19] . On selective angiography stasis of contrast material in the radiculomedullary arteries, constituting the anterior spinal artery can be seen 13 . After injection into the segmental artery harbouring the AV fistula, the early venous filling and the retrograde drainage into the radiculomedullary veins are visualized. Often an extensive network of dilated perimedullary veins is visible ( figure 2 ).
There are two options in the treatment of SDAVF: surgical occlusion of the intradural vein that received the blood from the shunt zone -a relatively simple and safe intervention with exception of sacral fistulae; or endovascular therapy employing glue after superselective catheterization of the feeding radiculomeningeal artery 20 . The embolic agent must pass the shunt zone, then reach and occlude the proximal segment of the draining vein in order to prevent subsequent intradural collateral filling of the fistula. Therefore success rates of endovascular therapy have been reported to vary between 25 and 75% 21 . Following complete occlusion of the fistula, the progression of the disease can be stopped; however, only 2/3 of all patients have a regression of their motor symptoms and only 1/3 show an improvement of their sensory disturbances. Impotence and sphincter disturbances are seldomly reversible 22 .
Spinal Cord AVMs
Spinal Cord AVMs are fed by radicullomedullary and/or radiculopial, i.e. spinal cord feeding arteries and drained by spinal cord veins. These shunts might be intra-and/or perimedullarily located and can be differentiated according to their transition from artery into vein into fistulous and glomerular AVMs.
Glomerular AVMs (which are sometimes called plexiforme or nidus-type AVMs) are the most often encountered spinal cord AVM with a nidus resembling closely those of a brain AVM. This type of malformation usually is located intramedullarly; superficial nidus compartments can, however, also reach the subarachnoid space. Because of the many anastomoses between the anterior and posterior intrinsic arterial system of the spine, these AVMs have typically multiple feeding arteries derived from both the posterior and anterior system. Drainage is into dilated spinal cord vessels (figure 3).
Fistulous AVMs (which are also called AVM of the perimedullary fistula type or intradural AV fistulae) are direct arteriovenous shunts located superficially on the spinal cord and only rarely possess intramedullary compartments. Feeding vessels are again radiculomedullary arteries (which differentiates them from the dural AV fistulae where radiculomeningeal arteries are the feeders). Draining veins are superficial perimedullary veins. The arterialized blood sometimes even ascends via the foramen magnum into the posterior fossa. These direct arteriovenous fistulae, which are supplied by the ventral spinal artery and/or dorsal spinal arteries without an intervening nidus are located subpial when ventral and directly fed by the anterior spinal artery, and subarachnoid when they are fed by pial (posterior spinal) arteries.
They constitute close to 20% of all spinal cord vascular malformations. There is no gender difference and a predominance for presentation in the 2 nd decade of life. Ectasia of the vein usually marks the transition point between artery and vein. Depending on the size of the feeding vessels, the shunt-volume and the size of the draining veins, these fistulae can be further categorized into those with a low shunt volume and only moderately enlarged feeding veins and arteries (micro fistulae) ( figure 4 ) and those with a high shunt volume that lead to a massive remodelling of the blood vessels with enlarged arteries, and dilated venous pouches (macro fistulae) ( figure 5 ). The latter types are typically encountered in children with a history of hereditary hemorrhagic telangiectasia and will be discussed in greater detail below. Micro-AVFs account for the majority of the fistulous AVMs. Of these, 10% are located in the cervical cord, 50% are found along the thoracic cord, and 40% in the lumbar region (of which two-thirds are located at the filum terminale). Cervical lesions typically present with progressive sensory deficits while thoracic AVFs are revealed mostly by hemorrhage (hematomyelia or SAH). Progressive myelopathy is often present in the other cases. Conus AVFs and filum terminale fistulae manifest by progressive myelopathy or acute nonhemorrhagic paraplegia. We have not observed a micro AVF increase in size to become a macro AVF, nor have we seen a macro AVF spontaneously regressed to become a micro AVF unless it had been embolized. It is likely that both types of lesions are different entities and behave differently in adults and children.
Pathophysiologic mechanisms in spinal cord AVMs include venous congestion and haemorrhage. Space occupying effects and a "Steal-Phenomena" have also been attributed to the pathogenesis and in some cases it is difficult to evaluate the exact pathomechanism 23 . If the AVM does not present initially with an acute haemorrhage, symptomatology is unspecific. Patients may complain about hypo-or paraesthesia, weakness and diffuse back-and muscle pain. Progressive sensorimotor symptoms can slowly develop, or acutely worsen followed by some improvements over time. While fistulous AVMs often get symptomatic with a subarachnoid haemorrhage due to their intradural perimedullary location, glomerular AVMs can become symptomatic by venous congestion alone, by intraparenchymal haemorraghe and/or a subarachnoid haemorrhage 24 .
On MRI, the AVM type cannot always be differentiated. The typical appearance of spinal cord AVMs is a conglomerate of dilated, peri-and intramedullary located vessels that are demonstrated on T2-weighted sequences as flow voids, while they appear on T1weighted sequences depending on their flow velocity and direction as mixed hyper-hypointense tubular structures. Contrast enhancement may vary. A venous congestive edema may be present as an intramedullary hyperintensity on T2-weighted images with concomitant swelling of the cord. The image might get even more complicated if intraparenchymal haemorrhages are present that might demonstrate varying signal intensities depending on the time elapsed between bleeding and imaging 16 . A subarachnoid haemorrhage might be present. MR Imaging should be able to identify the location of the AVM in relation to the myelon and the dura. Especially in low flow perimedullary fistulous AVMs, contrast media must be given to detect subtle venous dilatations. Recently it has been shown that fast MR Angiography is capable to detect the main arterial feeder of glomerular type AVM and perimedullary fistulous type AVM with a single large arterial feeder 18 . Spinal cord AVMs with small or multiple feeders have not yet been investigated. Therefore selective spinal angiography remains necessary to define the exact type of the AVM and to plan subsequent treatment 1 .
The therapeutic approach of asymptomatic AVM is difficult since data concerning the spontaneous prognosis are not available; however, in symptomatic AVMs therapy ameliorates the prognosis of the patient. The first therapy of choice for all spinal cord AVMs is the endovascular embolisation with coils, glue or particles after careful analysis of the selective spinal angiography with the embolising agent being dependant on the specific angioarchitecture [25] whereas surgery should be selected only for few selected cases 26 .
There are some pecularities of spinal AV shunts in the pediatric age-group that are worth mentioning concerning the differential diagnoses, the pathophysiology and the imaging and therapeutic management 27 . Spinal arteriovenous shunts (SAVS) in children are exceedingly rare but associated with significant morbidity, and challenging treatment. SAVS seen in infants and children are, from a morphologic standpoint not unique but rather correspond to those seen in adults as described above.
However, the early presentation may reflect the severity of the manifestation of the disease processes and may therefore point to a more complete phenotypic expression of defects affecting the spinal circulation that otherwise manifest in a delayed, isolated manner. In comparison to the adult population where there is no gender preference, in the pediatric population, boys are significantly more often affected than girls. Most of the SAVS are located in the cervical or thoracic spine. There are twice as many nidus-type shunts as fistulae, in our experience dural AV fistulae have not been reported in children. The most common presentation is hemorrhage (hematomyelia or subarachnoid hemorrhage) followed by an acute onset of venous congestion that may be due to acute thrombosis. Apart from false or pseudoaneurysm representing the likely source of bleeding (analogous to BAVMs), no clear correlation between angioarchitecture and symptoms can be found. Decisions regarding the relative risks and benefits of treatment of SAVS, as well as the timing of therapy, will depend on an understanding of the natural history of these lesions.
In our experience, in the pediatric age group, more than 70% of patients with hemorrhagic presentation improved. Recurrent hemorrhage is seen in less than Figure 3 Typical glomerular AVM with an intraparenchymal nidus of vessels and associated cord edema. Between the feeding vessels (that would normally supply the spinal cord) and the draining veins is a conglomerate of pathological vessels -the glomus or nidus. Figure 4 Micro-fistula: this pial arteriovenous shunt is fed by an artery that would normally supply the cord. The transition between artery and vein is direct, i.e. without intervening network of vessels, and the shunt volume is small. 10% of patients and around 20% have progressive worsening of symptoms 27 .
One disease to specifically note in the differential diagnosis of spinal cord AV shunts is "hereditary Hemorrhagic telangiectasia or HHT (Morbus Rendu Weber Osler). HHT is an autosomal-dominant disease with a presumed prevalence of about 1 in 8,000 with variable presentations including multifocal and multiorgan vascular malformations. Although classically defined by the triad of epistaxis, telangiectasias and family history, patients with HHT can harbor AVS in the pulmonary, hepatic and central nervous system vasculature. CNS involvement in this disease is present in up to 10-20% of individuals with HHT and may consist of brain or spine AV shunts. Spinal Cord arteriovenous malformations in HHT are characterized as intradural AV shunts with macro-fistulae and high fistula volume, the fistulae drain directly in a massively enlarged venous pouch that can be easily identified on MRI 28 . Feeding vessels might be either dorsolateral or anterior spinal arteries or both. From an angiographic point of view, the fistulae can be described as perimedullary fistulae. Typically, a single-hole fistula can be identified, even if multiple feeders conjoin into the draining venous pouch. These spinal cord AVFs are located on the surface of the cord directly connecting the anterior or posterior spinal artery with medullary veins. Venous ectasias, stenoses and pial reflux are also typically present in affected patients. These fistulae are classically solitary lesions and occur in the younger patient population (children and young adults). Clinical findings are hematomyelia with acute tetraplegia/paresis, spinal subarachnoid haemorrhage and venous congestion. Employing superselective glue embolisation, preferably via a dorsolateral feeder with highly concentrated glue the aim of treatment is to obliterate the fistulous area by pushing the glue via the artery into the venous pouch to establish a mushroomshaped glue cast that occludes the single hole fistula as verified when injecting into the other feeders after glue injection 29 .
A second specific entity worth considering in the differential diagnosis are the spinal arteriovenous metameric syndromes (SAMS) that have formerly be described as AVMs of the iuvenile type or "Cobb-syndrome". This group of (typically pediatric) patients with SAVS shows evidence of a non-familial genetic defect that appears to affect vessels in a metameric pattern. A metamere is a functional developmental segment that includes skin, cartilage, muscle, peripheral nervous system elements, arteries, central nervous system, and visceral organs. In the spine, the metamere is centered at the disc, and includes half of the vertebral body above and half below. The presumed abnormality seen in SAMS may therefore give rise to multiple Figure 5 Macro-fistula: multiple enlarged radiculomedullary and radiculopial vessels converge into a massively dilated venous pouch testifying for a large shunt volume and a direct arteriovenous transition. lesions (again, all within the same metamere), but, as a de novo somatic mutation, it is never heritable. This metameric syndrome is characterized by complex arteriovenous malformations that affect different tissues 30 . The cutaneous malformation is often subtle and may be missed if not actively looked for. About 20% of patients with SAVS harbor associated vascular lesions and, among these, about 10% are distributed in a metameric pattern. Patients with multiple lesions not fitting a strict metameric distribution may represent a subset with incomplete phenotypic expression of the somatic defect(s), analogous to those with isolated, solitary lesions.
A third group often present in the pediatric population are the epidural and paraspinal AV shunts. At first glance, epidural and paraspinal AVS may appear to represent a distinct set of disorders with little in common with the group of intradural SAVS described above. Although a heterogeneous group of lesions, these SAVS may be unified by their relationship to the notochord.
The notochord is one of the first organs to develop in the vertebrate embryo, and it plays important roles as a mechanical structure necessary for locomotion as well as an axial signaling center crucial for the patterning of adjacent tissues including nervous and vascular tissues 27 . Mutant animal model embryos lacking notochord fail to form a dorsal aorta and lack primary intersegmental vessels. This group of SAVS extends from the rostral extent of the notochord at the basisphenoid (cavernous sinus) caudally through the lumbar and sacral regions and includes branchial AVFs (maxillary artery to vein, ascending pharyngeal to jugular vein arteriovenous fistula, occipital to vertebral vein fistulas), the vertebro-vertebral AVFs (VVAVFs) and other paraspinal AVS (PSAVS) in the cervical, thoracic and lumbar spine. As with the intradural SAVS, associated genetic or biological defects may be identified in patients with this group of lesions.
Neurofibromatosis I and collagen disorders is associated with VVAVFs with the nosologic restrictions mentioned above, an association with HHT, Klippel-Trenaunay-Weber, collagen disorders and SAMS has already been noted.
The PSAVS will then only be detected fortuitously, or possibly by auscultation of a bruit. The proximity of large, low-resistance venous outlets (internal jugular and azygos venous systems) can, if accessed by the adjacent AVF, create a situation where cardiac overload may develop. Centripetal drainage may also occur however, with presentations similar to those discussed above with intradural SCAVS, including subarachnoid hemorrhage. In the head and neck region, the branchial AVS include maxillary and pharyngeal AVFs. These children may present with a bruit (often imperceptible to them since it has been present from a very early age) or a slowly enlarging, pulsatile mass. Similarly VVAVFs present with bruit or pulsatile mass as the most frequent presenting symptom. Intradural or intracranial venous drainage is exceedingly rare in VVAVFs.
Lower cervical VVAVFs may more commonly access the intradural venous system and produce pial congestion and cord symptoms 27 .
Cavernomas
Spinal cord cavernomas are intramedullary vascular malformation without an identifiable feeding artery or draining vein that consist of a enlarged thin-walled capillaries and sinusoids without any identifiable cord parenchyma in between the lesion. Although non-shunting lesions they are described in the review to complete the spectrum of vascular malformations of the spinal cord. Spinal cord cavernomas are estimated to constitute 5% of all spinal vascular malformations. They can account in all age groups but typically first present in middle aged patients. There is a slight female preponderance with a ratio of 2:1. A familial occurrence, associated metameric vascular nevi, and the coexistence of intracranial cavernous malformations have been described. The thoracic spine is more often affected than the cervical spine 31 .
Spinal cavernomas are a rare but treatable cause of acute, recurrent, and progressive myelopathy that can be due either due to acute hemorrhage with consecutive neurological symptoms due to an intramedullary hematoma, rarely they bleed primarily into the subarachnoid space 32 . Typical clinical features of intramedullary cavernous malformations are sensorimotor deficits, usually several hours after the onset of pain. The clinical course is variable, ranging from slowly progressive symptoms to acute quadriplegia. The acute setting is probable caused by new hemorrhage within or around the lesion. Repeated episodes of small bleedings or local pressure effect of the lesion itself on the surrounding spinal cord tissue by capillary proliferation, vessel dilatation may be respondsible for slowly progressive symptoms. Once the lesion gets symptomatic, progressive myelopathy is the most common course, maybe due to toxic blood degradation products that can be present close to the cavernoma 1 .
Like their intracranial counterparts, cavernomas are on gross pathology, discrete, lobulated, well-circumscribed, red to purple raspberry-like lesions. Microscopically, these lesions are composed of dilated, thinwalled capillaries that have a simple endothelial lining with variably thin fibrous adventitia indistinguishable from the lining of a capillary telangiectasia. Residua of previous hemorrhage, including scarring, collection of hemosiderin-laden macrophages, and calcification may be present. The lesion is surrounded by a variable degree of gliosis with increased tissue water 33 .
Cavernomas appear as well-defined, circumscribed lesions of varying sizes, that have a hypointense rim and an inhomogeneous, often hyperintense center on T2-weighted images. The hypointense rim is due to magnetic susceptibility artefacts from haemosiderin deposits. The complex reticulated core with its typical mulberry-like appearance represents haemorrhage in different stages of evolution 16 ( figure 6 ). Computed tomography might be of interest, since some cavernomas demonstrate extensive calcifications. Cavernomas are angiographically silent. However, in acutely haemorrhaged cavernomas, spinal angiography should be performed to rule out that a small glomerular AVM that might remain unnoticed on spinal MRI in the acute phase after a haemorrhage was the culprit for the bleeding. Once the lesion gets symptomatic, progres-sive myelopathy is the most common course. Therefore, therapy is indicated. Surgical resection of cavernomas can be performed safely using meticulous microsurgical techniques 34 . The localization of the cavernous malformation is mandatory to define the adequate operative strategy. Dissection is started directly over the lesion if the pathology approaches the surface of the cord. Deeply located lesions are either approached by a myelotomy performed over an area of bluish discoloration or by standard approaches, i.e. through the dorsal root entry zone or by a midline myelotomy. Then surgery is continued by gradual debulking of the mass. Dissection of the cavernous malformation is achieved by slight traction, coagulation and gentle suction in the surrounding yellow plane of gliotic tissue preventing damage to the neighbouring intact nervous tissue. The lesion bed should be carefully inspected after resection for small residual portions 35 .
An acutely ruptured spinal cord cavernoma can not be differentiated from an acutely bled spinal cord micro AVM, however, if multiple lesions are detected, the diagnosis should be easy to make. In other cases, follow-up imaging or selective spinal angiography may be necessary. Spinal cord cavernomas may mimick other tumors, especially if they are large, such as gliomas, ependymomas or anaplastic astrocytomas 36 . Figure 6 Non-shunting vascular malformation of the spinal cord. The lack of vessels and the intraparenchymal hemorrhage make the diagnosis of a spinal cord cavernoma likely. Differential diagnoses include micro AVMs and ependymoma.
